Intercropping combines different aspects of the interaction between organisms in ecosystems and may be classified as a pro-ecological method of plant cultivation limiting the harmful human interference in the environment, especially the use of chemicals. It also allows high yield, good quality, and economic productivity to be achieved. The aim of the present study, conducted in the years [2003][2004] in Mydlniki near Kraków, was to determine the effect of intercropping carrot Nardin F 1 with French marigold (Tagetes patula nana L.) 'Kolombina' and pot marigold (Calendula officinalis L.) 'Promyk' on carrot yield, its quality, and the occurrence of pests. On average in both years of the study, intercropping did not reduce total or marketable carrot yield. In 2003 intercropping contributed to a significant increase in marketable yield compared with yield from sole cropping. In 2004 the dry matter content was higher in the roots of carrots grown with pot marigold. The treatments intercropped with both French and pot marigold were characterized by an increased content of sugars in carrot roots and in 2004 year -of carotenoids. Intercropping had a significant effect on the number of roots damaged by the carrot rust fly, Psila rosae, (the best in this respect was the combination with Tagetes) and by nematodes (the best in this respect was the combination with Calendula). The number of larvae of carrot psyllid, Trioza viridula, was significantly lower in the plots where carrot was intercropped. The study did not find intercropping to have a positive effect on reducing the occurrence of the root aphid.
INTRODUCTION
Carrot has been grown for many years in different regions of Poland and has become a natural habitat for many pests (M i c h a l i k and W i e c h , 2000; S z w e j d a and W r z o d a k , 2007). To obtain high yield of good quality, growers seek opportunities to reduce the damage caused by some pests of carrots. Chemical carrot protection is expensive and sometimes unacceptable (e.g. in baby-food products). More and more often non-chemical methods of plant protection are used. One of them is intercropping. The relationship between intercropped components has become a point of interest for many authors as environmental resources management with respect to productivity and economic indicators (N e t o et al. 2010 ). Foraging adults of phytophagous insects are attracted by host-plant volatiles and supposedly repelled by volatiles from non--host plants. The host-plant-finding behavior of insects may be disrupted by the close comparison of two plant species. A n d o w (1991) analyzed 209 studies involving 287 pest species. Compared with monocultures, in mixed cropping the population of pest insects was lower by 52% (149 species). Numerous studies have shown that mixed cropping of carrots with some plants reduced carrot damage by some pests (U w a h and C o a k e r , 1984; R ä m e r t , 1993; R ä m e r t and E k b o m , 1996; T h e u n i s s e n and S c h e l l i n g , 2000; L u i k et al. 2000) . Therefore, limiting the use of pesticides should be mentioned among many advantages of intercropping. Intercropping also has a beneficial effect on soil structure and optimal utilization of the factor habitat. This creates the conditions for activating the natural mechanisms that allow obtaining high yields with good nutritional value. The following factors are important in choosing the right partner for intercropping: mutual tolerance of selected species and beneficial impact on plant health (C a r r u t h e r s et al. 2000 ; J a n k o w s k a et al. 2009 ; A d a m c z e w s k a -S ow i ń s k a and K o ł o t a , 2010).
The aim of the investigation was to determine the influence of intercropping carrot with French marigold and pot marigold on quality of carrot yield and on damage caused by some pests of carrots.
MATERIALS AND METHODS
The research was carried out in [2003] [2004] 
RESULTS AND DISCUSSION
The effect of intercropping carrot with French marigold and pot marigold on the quality of carrot yield varied in different years of investigation. In 2003 intercropping had no influence on carrot leaf length, root length and diameter. In 2004 carrots intercropped with French marigold had the longest roots of the maximum diameter (Table 1) . Their length and diameter increased in relation to those intercropped with pot marigold about 9.8% and 10.2%, while in relation to the sole crop of carrot this increase was about 4% and 6%, respectively. In both years of investigation, there was no impact of intercropping on leaf length in carrot. Several factors, such as competition among crops, type of cultivar, and spatial arrangement of planting can have a significant impact on the rate of growth of component crops (N e t o et al. 2010). In 2003 the cultivation of carrots intercropped with French marigold and pot marigold did not affect total yield (Table 2) , while marketable yield increased in the intercropped plots, being the highest in the treatments with French marigold. In 2004 lower total yield was harvested in the intercropped plots compared to sole cropping and there was no effect of intercropping on marketable yield of carrot roots. To sum up, on average intercropping did not reduce total or marketable yield in the study years In the present investigation, dry matter, total sugar and carotenoid content depended on the year and type of cultivation (Table 3) . Intercropping did not affect the content of dry matter in carrot roots, except for the carrot intercropped with pot marigold in 2004 in which dry matter content was significantly higher. Total sugar and carotenoid content were higher in carrot roots intercropped with both French and pot marigold, but the differences depended on the year of cultivation. Similarly, A d a m c z e w s k a -S o w i ń s k a and K o -ł o t a (2010) found that intercropping eggplant with white clover and perennial ryegrass did not affect the content of dry matter, vitamin C, reducing sugars and macroelements in its fruits. In the present research, carrot roots were infested by the carrot rust fly (CRF), Psila rosae (F.), root aphid, Pemphigus phenax B&B, and nematodes. Larvae of the carrot psyllid, Trioza viridula Zett., were noted on carrot leaves. These species cause significant economic losses in Poland (M i c h a l i k and W i e c h , 2000; S z w e j d a and W r z o d a k , 2007). The largest number of roots damaged by the carrot rust fly was obtained in the control plots (sole cropping) (Table 4) . In both years of observation the number of carrot psyllid larvae on carrot plants growing in the plots with French marigold and pot marigold was significantly lower compared with the sole carrot crop (Table 5 ). In the initial orientation of pests to the host, olfactory stimuli from the carrot plant seem to be the most important. CRF and other carrot pests are attracted to chlorgenic acid (C o l e et al. 1988 ). Attractiveness of carrot cultivars to pests varies (M i c h a l i k and W i e c h , 2000; Ł u c z a k , 2007). The proximity of plants that are non-host may mask the scent of the host plant, which hinders finding it. Intercropping seems to have a large effect on insects that oviposit in the soil, such as the carrot fly Psila rosae (R ä m e r t , 1996; R ä m e r t and E k b o m , 1996). Numerous studies have shown that intercropping carrots with a cover crop reduces carrot rust fly damage (R ä m e r t , 1993; R ä m e r t and E k b o m , 1996; T h e u n i ss e n and S c h e l l i n g , 2000). L u i k et al. (2000) found that intercropping of carrots with garden beans significantly disoriented pests and decreased the damage of carrots by Psila rosae and Trioza viridula. U v a h and C o a k e r (1984) noted that mixed cropping carrots with onions reduced attacks by carrot fly. Marigold (Tagetes spp.), which is a popular bedding plant, can be used as such cover crop. F i n c h et al. (2003) studied three marigold species which reduced the number of eggs laid by cabbage root fly females. J a n k o w s k a et al. (2009) found a significant reduction in the number of cabbage pests in plots where cabbage was intercropped with Tagetes and Calendula. The use of plants to provide nectar and pollen resources to natural enemies through habitat management is a growing focus of conservation biological control. J a n k o w s k a (2007, 2010) found that in plots where cabbage was intercropped with French marigold and pot marigold aphid parasitizing, number of predatory syrphids and role of diamondback moth parasitoids were greater.
In the years 2003 and 2004, a distortion of the root structure and typical nematode damage symptoms were observed. Carrots affected by nematodes often exhibit forking of the taproot, stubbing of the roots as well as unsightly galls on the taproot and secondary roots. A smaller number of damaged roots was recorded in the plots where carrot was intercropped with pot marigold. These differences were significant not only in relation to the sole crop but also in relation to intercropping with French marigold (Table 4) . Marigold (Tagetes spp.) was one of the first plants reported to be highly resistant to root-knot nematodes (P l o e g , 2002) . Also S z a k i e l et al. (2008) noted that marigolds had an overall suppressive effect on nematodes. Intercropping had a positive influence on total sugar content in carrot roots. 3. There was no effect of intercropping on the level of dry matter and carotenoid content. 4. Intercropping had a significant effect on decreasing the number of roots damaged by the carrot rust fly, Psila rosae, (the best in this respect was the combination with Tagetes) and by nematodes (the best in this respect was the combination with Calendula) and decreasing the number of larvae of carrot psyllid, Trioza viridula. 5. In 2003 intercropping was not found to have a positive effect on reducing the occurrence of the root aphid. org/10.1016%2FS1161-0301%2899%2900051-9 C o l e R . A . , P h e l p s K . , E l l i s P. R . 1988 . Further studies relating chlorogenic acid concentration in carrots to carrot fly damage. Ann. of Appl. Biol. 112: 13-18. http:// dx.doi.org/10.1111%2Fj.1744 -7348.1988 .x F i n c h S . , B i l l i a d H . , C o l l i e r R . H . 2003. Companion planting -do aromatic plants disrupt host -plant finding by the cabbage root fly and the onion fly more effectively than non-aromatic plants. Entomol. Exp. Appl. 109: 183-195. http://dx.doi.org/10.1046%2Fj.0013-8703.20 03.00102.x J a n k o w s k a B . 2007 . Impact of intercropping white cabbage with Pot Marigold (Calendula officinalis L.) and French
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